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THE AERODYNAMIC RESISTANCES DETERMINED BY 
THE ROLLING EQUIPMENT FOR THE ELECTRIC 

LOCOMOTIVE LE 060 EA 5100 KW 

Sorin ARSENE1, Ioan SEBESAN2, Gabriel POPA3, Valeriu STEFAN4 

Depending of the construction of railway vehicle engine, the equipment of 
traction and rolling may have a lower or higher influence about the running 
resistance. This article aims an analysis of the aerodynamic resistance generated by 
these equipments of the locomotive LE 060 EA of 5100kW. In order to estimate the 
values of aerodynamic resistances generated by this equipments it was modeled 
geometric in 3D at 1:1 scale the chassis, the bogie frame and axle engines for 
locomotive. The ensemble obtained is used for simulation air flow on different 
values of speed of movement of the vehicle in the range of between 0km/h and 
200km/h.  

Keywords: aerodynamic resistance, the rolling and traction equipment, air flow 
simulation. 

1. Introduction 

The aerodynamic forces generated by rolling equipment have a wide 
enough range of variation determinate in particular by the type of vehicle. To 
illustrate this point, in case high-speed trains compared to the case of classic train 
(consisting of the motor vehicle and towed vehicle) it can be seen that the total 
aerodynamic resistance values are lower by about 50% [1]. For reference, all these 
data refer to the same train length (200 m). [1] 

In the case of the classical trains consisting of locomotives and wagons 
(where are not hulls or skirts to hide the rolling equipment), the aerodynamic 
resistances generated by these equipment can reach values of 40% - 60% from 
total value of running resistance of the respective vehicle. [1, 2] 

Generalized formula for determining the running resistance for railway 
vehicles is known as Davis's relationship [3-7]: 

2vCvBARt ⋅+⋅+=  (1) 
Where tR  – total running resistance of the vehicle,  
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A  – mechanical rolling resistances caused by the loads on  axle, 
vB ⋅  – non-aerodynamic running resistances, 

2vC ⋅  – aerodynamic running resistances; v  – speed of moving for  vehicle; 
According works [8-11], values Davis's coefficients for LE 060 EA of 

5100kW locomotive are: A= 1500 N; B=12 N/(km/h); C=0,3 N/(km/h)2. 
Explicit formula for the parameter "C" regarding aerodynamic resistances 

according to the literature [12, 13], is: 

2
ρ⋅⋅

=
SCC x  (2) 

Where: 2
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ρ
 – aerodynamic coefficient of air sliding (also known as the 

coefficient of air penetration),  
S  – front surface of the vehicle in cross section (m2),  
ρ  – density of the moving vehicle air (kg/m3), 

xF  – the frontal aerodynamic resistances force (N), 
v  – velocity of the fluid (air) (m/s). 

2. Simulation of air flow through the equipment of under the vehicle 
structure 

For the analysis we considered the situation caused by the rolling 
equipments of the LE 060 EA of 5100kW locomotive. First, we modelled 
geometric in 3D at scale 1: 1 rolling equipments consists by: axle, bogie frame, 
chassis and suspension elements through which these elements are interconnected 
using Autodesk Inventor Fig. 1. 

a) Bogie equipped of the locomotive LE 060 EA of 5100kW 

 
b) The chassis of the locomotive LE 060 EA of 5100kW 

c) The assembly, chassis and bogies of the locomotive.  
Fig. 1 The model rolling equipment of the LE 060 EA of 5100 kW  locomotive at scale 1: 1 
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In order to simulate air flow we considered six cases in which the vehicle 
is moving at a constant speed in the range 0km/h – 200km/h (10m/s, 20m/s, 
30m/s, 40m/s, 50m/s, 55m/s). 

The delimitation of the volume regarding air flow is managed as follows:  
- in vertical plan we considered an appropriate plan the wheel tracks of 

vehicle, and another plane located 6.5 m from it;  
- for transverse section, we considered two plans located symmetrically at 6 

m from the longitudinal plane of the vehicle;  
- The longitudinal section, we considered two planes located at 13 m and 18 

m from the transverse plane of frame. 
First plan of longitudinal sections (13 m) corresponds to the front part of 

the locomotive in air flow direction and the second plan of sections part (18m) at 
the back of the vehicle Fig. 2. 

 
Fig. 2 The air flow volume considered 

 
As input parameters regarding atmospheric conditions, we considered the 

values: 101325 Pa for pressure and 293.2 K for temperature. 
By simulating air flow, is allowed determination of the pressures exerted 

on rolling equipment, dynamic pressure of air and aerodynamic resistances for the 
6 modes analysed. 

In the Fig. 3 and Fig. 4 is showed the distribution of pressure on the rolling 
equipment respective, the contour lines of pressure obtained under dynamic 
simulations. 
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a) 10 m/s 

b) 20 m/s 

c) 30m/s 

d) 40m/s 

e) 50m/s 
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f) 55m/s 
Fig. 3 Pressures exerted on rolling equipment 

a) 10 m/s 

b) 20m/s 

c) 30m/s 

d) 40m/s 
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e) 50m/s

f) 55m/s 
Fig. 4 Contour lines of the dynamic pressure of the air in the 

median longitudinal plane of the vehicle 
The variation of the aerodynamic resistance generated by the rolling 

equipments obtained during the simulation flow of air, taking into account six 
values for speed of analysed vehicle are shown in Fig.5. 

 
Fig. 5 Aerodynamic resistances obtained by simulation rolling equipment 

Stabilized values of aerodynamic resistance caused by rolling equipment 
resulting from the simulations are presented in Table 1. 

Table 1 
Stabilized values of aerodynamic resistance of the rolling equipment (Fx[N]). 

v[m/s] 10 20 30 40 50 55 
Fx [N] 289,78 1156,52 2614,70 4635,84 7254,86 8803,10 

 



The aerodynamic resistances determined by the rolling equipment … LE 060 EA 5100 KW     105 

The superposition of the running resistance of the locomotive over fixed 
values of aerodynamic resistance caused by rolling equipment is shown in Fig. 6. 
By reporting this final size at the first is obtained an estimate of the influence that 
the rolling equipment has in total resistance of the locomotive Fig.7  

 
 

Fig. 6 Total running resistance of locomotive and rolling equipment 
aerodynamic obtained from simulation 

 
Fig. 7 The percentage of influence of aerodynamic resistance for rolling 

equipment from the total value of resistance 

3. Conclusions 

As can be seen from Fig. 3, increasing the speed of the vehicle determines, 
implicitly increasing pressure exercised on the rolling equipment for locomotive 
analyzed. At the same time dynamic air pressure values will have the same growth 
trend with vehicle speed as seen in Fig. 4. 

Regarding the aerodynamic resistance of the rolling equipment, they have 
the same characteristic as the pressure once with increases of moving speed. 

From Fig. 6 and Fig. 7 it can be seen that the influence it has rolling 
equipment, on the total running resistance is one significant that at speeds of about 
200km / h get to at values of over 55%. 
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